Various radioimmunocytochemical approaches have been utilized to localize primary antibody-antigen complexes. Here we examined the binding properties of three Merent radioiodinated compounds for their ability to label the antibody-antigen complex, including: donkey anti-rabbit immunoglobulin, donkey anti-rabbit F(ab')z-IgG, and a biotinylated goat anti-rabbit secondary antibody followed by [U51]-avidin. These probes were used to localize rabbit primary antisera against corticotropin-releasing factor (CRF) and adrenocorticotropin-releasing hormone (ACTH) in the hypothalamo-hypophyseal system of the rat. The pattern of labeling with each radiolabeled probe was consistent with the light microscopic immunocytochemical staining for CRF and ACTH. The utility of the radioimmunocytochemical method for quantitative analyses was h t h e r tested by studying the effects of adrenalectomy (ADX) on the levels of immunoreactive CRF and ACTH in the hypothalamo-hypo-
Introduction
Immunocytochemistry has gained widespread use as a tool for localizing specific antigens in tissue sections. Although the peroxidase-based methods are highly sensitive, these procedures are quantitative only when rigorous attention is paid to the conditions of the enzyme reaction (1) . Quantitative analyses of the neuropeptide and peptide hormone levels in brain have usually relied on regional dissection or micropunches followed by radioimmunoassay (15) . Although this approach has been used extensively, inherent problems of tissue adlability and accuracy of dissection are a concern when small structures are sampled.
A variety of radioimmunocytochemical strategies have been used physeal system. Computer-assisted microdensitometric analysis of immunoreactive CRF levels in the median eminence indicated that there was a 33% decrease 24 h after ADX. Immunoreactive ACTH levels in the anterior pituitary were significantly decreased from 1 day (38%) to 1 week (36%) after ADX and were inaeased at 2 weeks (89%). The changes in CRF and ACTH levels, as measured radioimmunocytochemidy aftet ADX, were consistent with previous biochemical studies. These results indicate that computerassistedradioimmunocytochemicalanalysiscan beusedquantitaavely to measure immunoreactivity in tissue sections. The high resolution and high sensitivity provided by this method should make it widely applicable. (]Hisrochem Cyrochem KEY WORDS: Corticotropin-releasing factor; Adrenocorticotropin; Radioimmunocytochemistry; Adrenalectomy; Rat. -978, 1992) to localize the primary antibody-antigen complex autoradiographically at both the light and the electron microscopic level, including radiolabeled primary and secondary antibodies, F(ab)2 fragments, biotin, and protein A (4) (5) (6) 11, 16, 19) . introduced a macroscopic autoradiographic method in which immunoreactive peptides were localized in brain sections with a radiolabeled secondary antibody and autoradiographic film. Although the film autoradiographic method did not achieve the highresolution localization provided by immunocytochemistry, grain densities from the autoradiographic images could be readily analyzed by microdensitometric methods and enabled these authors to measure changes in immunoreactive peptide levels after lesions (14) . McLean et al. (14) suggested that this method had promise for use as a highly sensitive quantitative immunocytochemical method.
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In the present study three different radioiodinated markers were compared for their ability to localize the primary antibody-antigen complex: donkey anti-rabbit immunoglobulin ([ 12>I]-IgG) or donkey anti-rabbit F(ab)z-IgG ([ 1251]-Fab), or [ 1251]-avidin with 969 a biotinylated anti-rabbit secondary antibody. These markers were used to label primary rabbit antisera directed against immunoreactive corticotropin-releasing factor (CRF) and adrenocorticotropinreleasing hormone (ACTH) in the hypothalamo-hypophyseal system of the rat. The autoradiographic labeling patterns were compared with the light microscopic immunocytochemical staining pattern for these peptides. The quantitative aspects of the radioimmunocytochemical method were further validated by using computerized microdensitometry to monitor changes in immunoreactive CRF and ACTH levels in the hypothalamo-hypophyseal system after adrenalectomy (ADX).
Materials and Methods

Immunocytochemistry
Male Sprague-Dawley rats (17 5-200 g; Charles River Breeding Laboratories, Wilmington, MA) were anesthetized with sodium pentobarbital (50 mglkg, IP) and given 1000 U of heparin (IP). Animals were perfused transcardially with 100 ml warm PBS, pH 7.4, followed by 1 mllg body weight ofcold 4% paraformaldehyde in 0.3 M phosphate buffer, pH 7.4. The brains and pituitaries were removed and post-fixed in cold fixative for 1 hr. The tissues were passed sequentially through 12%. 16%. and 18% sucrose in PBS, 2-16 hr each. The tissues were frozen to microtome chucks with powdered dry ice and 15-pm cryostat (Hacker Instruments; Fairfield, NJ) sections collected on clean chromalum-subbed microscopic slides.
Immunocytochemistry was conducted by the avidin-biotin-peroxidase procedure (lo). Slide-mounted sections were rinsed for 30 min in PBS-Triton X-100 (0.3%) and then incubated for 30 min in PBS-Triton X-100 containing 3% normal goat serum (NGS) as a blocking step. The NGS was then removed and dilute primary serum (from rabbits) in PBS-Triton X-100 containing 1 mglml bovine serum albumin (Pentex; Miles, Naperville, IL) and 1% NGS was then added for overnight incubation at 4°C. The next day the primary antiserum was removed and the sections washed three times in PBS for 5 min each. A dilute biotinylated goat anti-rabbit secondary antibody (4.5 pllml PBS-Triton X-100) was then added and the sections incubated for 45 min, followed by three rinses in PBS for 5 min each. The sections were then incubated for 45 min with the avidin-biotinylated horseradish peroxidase (HRF') complex (ABC), prepared according to the manufacturer's instructions (Vector Laboratories; Burlingame, CA). The sections were then washed as above. The staining reaction was carried out using diaminobenzidine tetrahydrochloride (DAB; Sigma, St Louis, MO) as the electron donor. DAB (0.5 mglml) was dissolved in 50 mM phosphate buffer, pH 7.4, containing 0.003 % hydrogen peroxide. The slides were incubated in the DAB solution for various periods of time (5-10 min) depending on the speed of the color reaction. The incubation was terminated by washing the slides three times in PBS. The slides were then dehydrated, defatted in xylene, and coverslipped with Permount (Fisher Scientific; Pittsburgh, PA).
The ACTH antiserum was directed against human ACTH[ 1-24] and was raised in rabbits (Dako; Santa Barbara, CA), and was used at a dilution of 1:2000-1:2500. The CRF antiserum, kindly provided by Dr. Paul Vescei (University of Heidelberg, Heidelberg, Germany), was raised in rabbits against human CRF and was used at a dilution of 1:2000.
Radioimmunocy tochemistry
(1251]-IgG. Slide-mounted sections were handled in an identical fashion for radioimmunocytochemistry as for immunocytochemistry through the completion of the primary antiserum incubation step. The incubation b a r for ['2sI]-IgG was PBS containing 1% NGS and 5% non-fat dry milk to minimize the nonspecific nonimmunological background labeling.
[12'I]-IgG (sp. activity 3-20 pCil pg; Amersham, Arlington Heights, IL) was diluted to a concentration of 1.0 x lo6 cpmlml. After the appropriate incubation period, the incubation was terminated by a short rinse in PBS containing 1% NGS, followed by a series of PBS rinses changed every 30 min for 5 hr. The sections were then incubated for 30 min in 2% glutaraldehyde to cross-link the IgG molecules to the tissue. They were rinsed briefly in PBS and incubated overnight at 4% in PBS containing 0.20/0 BSA. The next day the sections were rinsed in PBS and water and then dehydrated through 100% alcohol. The sections were then air-dried and exposed to X-ray film (Hyperfilm; Amenham, Arlington Heights, IL) for a period of 2-7 days. The film was then developed according to the manufacturer's specifications.
After exposure of the pituitary sections to film, sections were digested from the slides in 1 N NaOH and the amount of radioactivity bound was measured by gamma counting.
[125]-Avidin. Avidin forms stable complexes with biotin molecules, a property that has been utilized for the avidin-peroxidase procedure (10).
Here [ '2sI]-avidin was substituted for the ABC complex in the avidin-biotin staining procedure. Slides were processed as for immunocytochemistry through the biotinylated secondary antibody incubation step. After the PBS rinses, ["'I]-avidin or ['2sI]-streptavidin (sp. activity 20-40 pCi/pg; Amersham) was diluted to give a concentration of 1.0 x lo6 cpmlml in PBS plus 1% NGS and 5 % non-fat dry milk. The slides were incubated with ['Z'I]-avidin or [ '2'I]-streptavidin for 1 hr and then processed identically as above for [ "'II-IgG. 
Adrenalectomies
To validate the quantitative aspects of the radioimmunocytochemical procedure, the effects of bilateral ADX on immunoreactive CRF and ACTH levels in the hypothalamo-hypophyseal system were examined. Male Sprague-Dawley rats were adenalectomized under sodium pentobarbital anesthesia (50 mg/kg, IP) and were given 0.9% saline for their drinking water. Sham-ADX animals were operated on in an identical manner, with the suprarenal area exposed but the adrenals left intact. Sham-ADX animals remained on tapwater for their drinking water. At various times post surgery (18 hr to 2 weeks) the animals were processed for radioimmunocytochemistry.
Microdensitometry
Autoradiographic film images of the brain and pituitary were analyzed by use of a computerized image analysis system (MCID; Imaging Research, St Catherines, Ontario, Canada). Grain densities were compared between the ADX and sham groups in the areas of the median eminence of the hypothalamus for CRF and in the intermediate and anterior lobes of the pituitary for ACTH. Values were expressed in relative optical density units (ROD). Film exposure curves were determined by inclusion of iodinated standards (8) .
Results
Immunocytochemistry of ACTH and.CRF
Immunoreactive ACTH staining was very high in the intermediate lobe of the pituitary and was dispersed throughout cells of the an- Anti-ACTH Ab (log dilution) Figure 2 . Effects of increasing dilution of rabbit anti-ACTH antiserum on [l251]-IgG binding in sections of rat pituitary. Sections were incubated overnight with various dilutions of immune serum followed by [1251]-lgG (325,000 cpm/slide, two sections per slide) for 1 hr. After extensive washing, the sections were digested with 1 N NaOH and the bound radioactivity measured. The diminishment of bound radioactivity with primary antibody dilution was fit by a curvefitting program (Graph Pad); IC= 1:2821, slope factor 1.02.
terior pituitary ( Figure 1A ). The specificity of the antiserum was tested by pre-absorption of the antiserum with ACTH , ACTH [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , and a-melanocyte-stimulating hormone (a-MSH); a-MSH is acetylated ACTH [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] (9). Pre-absorption of dilute primary antiserum with 100 WM ACTH completely abolished the staining in the anterior pituitary and markedly diminished staining in the intermediate lobe ( Figure 1B) . Pre-absorption with 100 pM of ACTH [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] or a-MSH did not diminish staining ( Figures  1C and ID) , indicating that the antiserum was directed against the carboxyl terminus of ACTH[l-241. Since ACTH is known not to be synthesized in the rat intermediate lobe (9), the staining in the intermediate lobe with anti-ACTH antiserum probably represents staining of proopiomelanocortin or corticotropin-like intermediate lobe peptide (ACTH[18-39]) (9).
CRF staining was intense in the external lamina of the median eminence ( Figure 6 ). Pre-absorption of anti-CRF antiserum (1:2000) with 1 W g CRF/ml completely abolished staining (not shown).
[QJII-IgG and [12JI]-FaS Binding
The properties of the donkey anti-rabbit 12'I-labeled secondary antibody ([ 1251]-IgG) were examined by using sections of normal pituitary pre-incubated with rabbit anti-ACTH antiserum. The relative uniform distribution of ACTH within the pituitary allowed collection of a sufficient number of sections to do an entire experiment using one pituitary at a time, thus minimizing variability. The first series of experiments were to determine the optimal binding conditions for labeling of sections with the radiolabeled secondary antibody and were monitored by wiping sections from the slides and measuring the bound radioactivity. Nonspecific binding of [12sI]-IgG (defined as labeling in presence of non-immune serum) was very high, but specific binding (in the presence of immune serum) was relatively stable, so that long rinse times (-5 hr) yielded satisfactory signal-to-noise ratios of 4:l (data not shown).
Dissociation of ["'l]-F(ab'), from Pituitary Sections
Rinse Time (hr) . Slide-mounted pituitarysections (two per slide) were incubated with primary antiserum overnight, followed by [lZ51]-Fab (415,000 cpmklide) for 1 hr, rinsed for various times, wiped from the slide, and counted. Note that the nonspecific binding of [lz5I]-Fab was very low, even at early rinse times.
In the second series of experiments the concentration of [ 12sI]-IgG was kept constant and the concentration of primary antiserum varied. As seen in Fig. 2 1:2500) . The next series of experiments were done to determine whether [ 1251]-IgG binding was saturable. Pituitary sections were incubated with anti-ACTH antiserum (1:2500) followed by increasing concentrations of [ '2sI]-IgG and the amount of radioactivity bound determined. As seen in Figure 3, ['2sI ]-IgG binding was not completely saturable, and Scatchard transformation of the saturation binding was best fit to a curvilinear plot. These results can probably be best explained either on the basis of the donkey anti-rabbit IgG serum being polyclonal and composed of IgG molecules with different affinities for the rabbit IgG molecule, or possibly by steric hindrance of immunoglobulin binding at high concentrations. Therefore, it was not practical to work at saturating concentrations of [ '2sI]-IgG. Subsequent experiments were conducted with concentrations of [ '251]-IgG in the linear portion of the saturation curve (Figure 3, inset) .
Donkey anti-rabbit ['2sI]-Fab was tested against anti-ACTH labeled pituitary sections. Dissociation time experiments with [ '2sI]-Fab indicated that nonspecific binding was very low, with signalto-noise ratios greater than 10:1 at short rinse times (Figure 4) . 
Radioimmunocytochemistry
Sections of rat pituitary were incubated with anti-ACTH antiserum and [ 1251]-IgG, [ 1251]-avidin, or [ lZ51]-Fab and exposed to Xray film. The autoradiographic images were generally in indistinguishable when the conditions for each radioactive marker were optimized (Figure 5) . The labeling in the anterior pituitary was punctate, consistent with labeling of cells. The intermediate lobe was heavily and uniformly labeled.
Effects of Adrenalectomy
One possible advantage of the radioimmunocytochemical method over immunocytochemistry is that autoradiographic grain densities can be readily measured by densitometry, with the relationship between film grain density and radioactivity strictly determined by the film characteristics (21). We sought to validate the quantita-tive properties of the radioimmunocytochemical method by determining the effects of ADX on immunoreactive CRF and ACTH levels. Twenty-four hours after ADX, CRF immunoreactivity appeared to be decreased within the external lamina of the median eminence ( Figure 6B ). Comparison of the levels of CRF immunoreactivity using radioimmunocytochemistry and [ '2'I]-IgG indicated that CRF levels were significantly diminished 24 hr after ADX (Figures 6 and 7) .
Immunoreactive ACTH staining in the pituitary was not notably different after ADX (Figure 8 ). However, radioimmunocytochemical localization of ACTH using [ lZ5I]-Fab indicated that levels of ACTH in the anterior pituitary were decreased from 1 day to 1 week after ADX, and increased at 2 weeks (Figures 9 and 10 ). Levels of ACTH in the intermediate lobe were not significantly different except for 2 weeks post ADX, when they were increased (Figures 9 and 10 ). 
Effects of Adrenalectomy on CRF
Discussion
A variety of radioimmunocytochemical methods have been utilized to localize the primary antibody-antigen complex as an altemative to the fluorescence-and peroxidase-based immunocytochemical methods. These radioimmunocytochemical methods have usually involved the dipping of the tissue sections into liquid emulsion and have been utilized for both light and electron microscopic autoradiography (5, 6, 16, 18, 19) . Apposition of the labeled tissue sections with autoradiographic f i l m produces macroscopic images with the tissue and silver grains no longer in register. Therefore, radioimmunocytochemistry with autoradiographic film is not suitable for high-resolution localization studies. However, autoradiographic film optical densities can be readily measured by microdensitometry. Indeed, interference from the tissue makes it impossible to measure optical densities accurately from specimens that have been dipped in emulsion, making it necessary to count silver grains if quantitation is required. There is an advantage, therefore, to using autoradiographic film for quantitative studies. Likewise, the loss of resolution with film autoradiography should not be a problem, since conventional immunocytochemical methods on adjacent sections can accurately identify the areas to be sampled. In addition, computerized image analysis software exists that permits superimposition of immunocytochemically stained sections and autoradiographs in order to sample from anatomically defined areas.
[ 1251]-IgG has been used previously for high-resolution radioimmunocytochemistry (16). Here, [ 12>I]-IgG, [ 12SI]-Fab. and [ 12>1]avidin, together with anti-ACTH antiserum, yielded similar patterns of labeling in the pituitary, indicating that [ lZ51]-avidin and [ 12>I]-Fab would also be suitable markers for radioimmunocytochemistry. Although it was not explored here, it may be possible to use radiolabeled avidin together with a biotinylated peroxidase to localize sequentially the primary antibody-antigen complex. This approach could take advantage of the high resolution of peroxidasebased immunocytochemistry as well as the quantitative properties of radioimmunocytochemistry. One significant advantage of [ 12>1]-Fab over the other methods, however, was that [ 12>I]-Fab had significantly lower non-immunological background labeling, which permitted shorter rinse times and a better signal-to-noise ratio.
The binding of donkey anti-rabbit [ 1251]-IgG to sections of rat pituitary that had been incubated with rabbit anti-ACTH antiserum was consistent with the labeling of a finite number of primary antibody-antigen complexes. At high concentrations of [ '251]-IgG there was some deviation from linearity in the Scatchard analysis, which in theory could be due to negative cooperativity, multiple binding sites, or a mixture of radioligands with multiple binding affinities. Steric hindrance of the radiolabeled secondary antibody binding at high concentrations could result in a form of negative cooperativity and non-linear Scatchard plots, and this possibility cannot be ruled out. Even more likely, however, is the possibility that the polyclonal donkey anti-rabbit immunoglobulin is a mixture of immunoglobulins with different affinities for rabbit IgG. Such a mixture could also account for the non-linear Scatchard plots. Nevertheless. these properties of [ 1251]-IgG binding do not repre- sent a limitation in the use of [ 12SI]-IgG for comparisons of antigen concentration in tissues, since the deviation from linearity of the Scatchard plots was only apparent at high concentrations of [ 12SI]-IgG, with low concentrations being relatively linear. In addition, the high specific activity of the [ lZSI-IgG results in detectable binding even at high dilutions.
An additional component of the radioimmunocytochemical procedure that has to be taken into account is the film emulsion. The film response (optical density) curve is not linear with exposure (radioactivity x time), and is best defined by a rectangular hyperbola, with the film being relatively indiscriminate near threshold or saturation (21) . The film characteristics can be taken into account, however, by inclusion of radioactive standards and converting optical densities to radioactivity. The film response curve can then be linearized by plotting on a log scale (In radioactivity vs In optical density) (8, 21) . Knowing the specific activity of the radioligand, one can then convert optical density to molar quantities of radioligand bound (8, 21 ). An additional advantage of autoradiographic film is that areas that contain low levels of immunoreactivity, and therefore low levels of label, can be analyzed by simply increasing the exposure time until the optical density readings are in the sensitive range of the film response curve (21). Previous attempts have been made to quantify the immunocytochemical peroxidase reaction product (1, 2, 7, 17) . The peroxidasebased immunocytochemical procedures are based on an enzyme reaction and therefore follow the principles of enzyme kinetics. The rate at which the precipitable reaction product forms is dependent on the concentration of enzyme (i.e., antigen) and will vary directly with the amount of antigen present. Comparisons between staining intensities should therefore be made only for regions in which the reaction progressed with linear kinetics. In a detailed analysis of the use of the peroxidase method for quantitative immunocytochemistry, Benno et al. (42) established that the peroxidase reaction is linear within a narrow time frame for a particular brain region and that the optimal incubation time changes with the concentration of antibody-antigen complex. Therefore, each brain area of interest must be optimized under each experimental condition in order to make valid comparisons between the staining intensities. These limitations in studying multiple areas are not a problem with the radioimmunocytochemical procedure, which has a broader range of sensitivity. In addition, there is no reason, a priori, that the optical density-radioactivity relationship be linear, as long as values are not taken from the extreme portions of the exposure curve as defined with radioactive standards. As noted, film exposure curves can be fitted with curve-fitting programs and optical density readings from tissues readily converted to amounts of radioactivity bound. Therefore, with this procedure it would be possible to detect large differences in antibody-antigen complex within an individual section and thus permit comparisons between different brain areas. Correa et al. (4) have shown that the binding of [ 1251]-protein A to the antibody-antigen complex, as measured autoradiographically, is linearly related to the amount of antigen measured by radioimmunoassay in the same tissue across a broad range of brain areas. This indicates that the measurements of antigen concentration obtained radioimmunocytochemically are valid estimates of the tissue content. Another possible way to standardize the radioimmunocytochemical method would be to couple increasing amounts of the antigen to inert matrix and then process the standards simultaneously with the tissue. This approach would create an internal standard curve and allow conversion of tissue optical densities to quantities of antigen per unit area. Such an approach has proved feasible with angiotensin 11, which could be coupled via its amino terminus to ovalbumin-coated nitrocellulose paper and localized with primary antiserum directed against its carboxyl terminus and [ 1Z31]-Fab (Healy, unpublished observation) . A similar approach was not feasible, however, with ACTH , since there are five free amino groups in ACTH (the amino terminus and four lysine residues with free E-aminO groups) that could couple during the covalent cross-linking step. Since the lysine residues are in the carboxyl portion of ACTH , one would anticipate that cross-linking of these residues would reduce binding of the primary antiserum. Likewise, cross-linking of the carboxyl terminus of ACTH to an inert matrix would also be expected to interfere with the primary antibody binding. Such reductions in binding of the primary antibodies to ACTH would lead to inaccurate estimates of the amount of ACTH[l-241 in the tissue samples.
Effects of Adrenalectomy on
The radioimmunocytochemical procedure has a number of properties that make it preferable to microdissection and radioimmunoassay for measuring tissue antigens under some conditions. In tissues where the antigen of interest is distributed heterogeneously, homogenization would result in a loss of regional information. Although micropunching of brain nuclei has been used successfully for analyzing regional distributions of antigens, the lack of reliable landmarks, the lack of a permanent record of the areas selected, and the small amounts of tissue that are obtained limit the widespread use of this method. The radioimmunocytochemical method, on the other hand, is highly sensitive, since areas containing low levels of immunoreactivity can be analyzed by simply increasing the film exposure. It has been estimated that the radioimmunocytochemical method may be as much as 500 times more sensitive than radioimmunoassay (4).
We utilized the radioimmunocytochemical method to quantify levels of CRF in the median eminence and ACTH levels in the pituitary after adrenalectomy. Twenty-four hours after ADX CRF levels were decreased 33% in the median eminence. This is consistent with removal of the hypothalamus from negative feedback by adrenal glucocorticoids, resulting in increased release of CRF into the portal circulation. Bugnon et al. ( 3 ) reported that ADX almost completely abolished CRF (cortico1iberin)-immunoreactive staining in the median eminence at 24 hr. Suda et al. (20) also examined the effects of ADX on median eminence CRF levels using radioimmunoassay and noted an approximate 40% decrease in CRF immunoreactivity at 24 hr. Therefore, the levels of CRF achieved by radioimmunocytochemistry are in close agreement with those achieved by radioimmunoassay.
We also examined the effects of ADX on pituitary ACTH levels. Immunoreactive ACTH levels measured by radioimmunocytochemistry were decreased by 38% at 24 hr and remained depressed for I week post ADX, whereas ACTH levels were increased 89% at 2 weeks. These results are similar to those of Suda et al. (ZO) , who reported that anterior pituitary ACTH levels were decreased by approximately 45 % 24 hr post ADX and increased by 150% 2 weeks post ADX. The time course seen here for ACTH levels in the anterior pituitary was somewhat different, however, from that reported previously by Suda et al. (20) . in which pituitary ACTH levels were decreased as early as 12 hr and increased significantly at 1 week. Here, levels were not decreased at 18 hr but were diminished at 24 hr and did not increase significantly until 2 weeks. The cause of this shift in the time course after ADX is not clear. The intermediate lobe was also stained with the ACTH[ 1-24] antibody which, as noted above, probably represents staining of proopiomelanocortin or corticotropin-like intermediate lobe peptide. It is known that the intermediate lobe does not contain glucocorticoid receptors and is unresponsive to glucocorticoids. Therefore, the failure of ADX to affect labeling in the intermediate lobe is consistent with previous results. It is not clear why there was an increase in intermediate lobe immunoreactivity at 2 weeks post ADX.
Although the reduction in ACTH levels in the anterior pituitary obtained here radioimmunocytochemically are in agreement with the biochemical studies of Suda et al. (20) , immunocytochemical staining of ACTH in the anterior pituitary was unchanged after ADX. As with the results discussed above regarding CRF in the median eminence, these results illustrate that the immunocytochemical staining procedures are not quantitative, in this case overestimating the tissue content of ACTH.
Therefore, the radioimmunocytochemical procedure has been shown to have properties that make it suitable for quantitative analysis of antigen levels in intact tissue sections. By preserving the anatomic integrity of the tissue specimens, high-resolution analysis of antigen distribution and concentration are possible. The radioimmunocytochemical method provides a permanent record of the antigen distribution that can be compared against immunocytochemical staining to accurately identify the area to be sampled. In addition, software that has been developed for quantitative receptor autoradiography is suitable for analysis of radioimmunocytochemistry. The high resolution, reproducibility and high sensitivity provided by the radioimmunocytochemical method should make it widely applicable to study of other antigens and should make it a useful adjunct to the conventional microdissection and radioimmunoassay methods.
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